© 2 0 2 0 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W
Ki67 is a nuclear protein that is expressed in all phases of cell cycle. This nuclear protein is best detected during the interphase of the cell cycle within the nucleus of the actively dividing cells. During mitosis, Ki67 migrates to the surface of the chromosome and the cellular content peaks during the synthetic phase. The analysis of the IHC stained cells involves detection of the cells with high Ki67 content as they are positively stained (dark brown) than the rest (blue). [1] In breast carcinoma, particularly the Ki67 is an established independent risk factor determining the disease-free survival. Study by Inwald et al. showed that the 5-year disease-free survival (DFS) rate was 86.7% in patients with a Ki-67 value ≤15% compared to 75.8% in patients with a Ki-67 value >45%. Based on the data from a large cohort of a clinical cancer registry, it was demonstrated that Ki-67 is frequently determined in routine clinical work. [2] Similarly in neuroendocrine tumors, the grading of tumor is based categorically on ki67 count. The Ki67 IHC is immensely altered by preanalytical variables such as type of biopsy, cold ischemia time, type of fixative, and fixation time. To standardize the same ideally, IHC should be carried out on whole section instead of trucut biopsy; cold ischemia time should be <30 min, formaline is the best fixative (avoid Ki67 IHC on frozen tissue), and ideally the fixation should last between 6 and 72 h. The analytical variables include clone of antibody, type of antigen retrieval, and blocking agents. We recommend utilization of MiB1 antibody in dilution validated by each laboratory; antigen retrieval should ideally be done by microwaving and blocking should be done by 5% serum. [3] The analysis involves broadly two methods of counting the Ki67 marked cells, one is by visually counting the cells within the field of maximum staining, i.e., hotspot, and the other is by automated digital analysis of the same field of view by a computer-based software.
The correct way of visual calculating Ki 67 is by counting the total number of positive-staining tumor cells in each image/field and count the total number of tumor cells in each image to calculate the Ki67 index. Calculation of the Ki67 index = No. of positive tumor cells/total No. of tumor cells ×100. The pathologist should be clear on how to discern positive tumor cells, negative tumor cells, and non-tumor cells. Their brown nuclear stain identifies positive tumor cells. The intensity of brown color will vary from cell to cell. Any degree of brown nuclear stain should be considered as a positive cell. Cytoplasmic brown stain should not be counted as a positive tumor cell. Lymphocyte nuclei will often stain positive should not be counted with the positive tumor cells. The easiest way to recognize a lymphocyte versus a tumor cell is to note the small size of the lymphocyte. It may also help to take into consideration the location of the cell. The tumor cells tend to be in sheets, nests, or groups. Lymphocytes will often be seen outside of these groups as single cells. The negative nuclei will be stained blue. It is important to distinguish negative tumor cells from stromal cells, which should not be counted. Stromal cells are typically smaller, are spindled, and generally surround the clustered groups and nests of tumor cells. Many pathologists tend to do eyeballing of the tumor; however, this is very inaccurate method and should not be followed. Easiest way of calculation is to pickup hotspots by eyeballing technique. These areas should be assessed and a minimum of 500 cells should be counted to assess the Ki67 index. In case there is a discordance of Ki67 and mitotic index, the higher of the two is accepted. [4] The method of visually counting the cells is the oldest and the conventionally followed method, which is now being largely replaced by the automated digital method. The shift from the conventional to the automated method comes in light of various studies reporting inter-laboratory variation of Ki67 score. Focke et al. conducted a study wherein they found a substantial difference between the Ki67 labeling index of 30 different labs reporting on the same set of breast cancer patients with variation ranging from 17% to 57%, P < 0.0001. [5] A study was conducted by Niazi et al. for standardizing the methods of Ki67 analysis to prevent limitation of inter-laboratory reproducibility and be largely absorbed in clinical assessment of breast cancer. In this study, they visualized and compared the analysis of 75 cases (images); both visually analyzed as well as automated and assessed the error. Their study did not involve counting the cells but was based on a real analysis (eyeballing technique) based on variable staining of the malignant cells and hence differentiating them from the normally stained cells. The proposed automated method resulted in an average root mean square (RMS) error of 3.34, while the analysis by a pathologist accounted for an RMS error of 9.98. This study utilized both tumor and non-tumor tissue and involved approximation. [6, 7] The commonly adopted procedure of image analysis is appended below [ Figure 1 One of the significant aspects of Ki67 estimation is the standardization and validation of the test, be it visual or with digital imaging. The software has to ascertain the size of tumor cells, how to negate lymphocytes which are small in size, how to negate the false-positive spindled cells. The non-cellular area is also negated by artificial intelligence. The deep neural networks inbuilt into system algorithmically continue to do this task. Once standardization is done, an automated system can perform a 5000-cell count in 2 ms with an accuracy and reproducibility of 99.9%.
The most important benefit of the automated method is that the process is highly accurate in counting the cells and is less time-consuming. Automated digital image analysis helps to reduce the human effort and removes the most important source of error, i.e., counting error. The similar method can be used to check the proliferation, extent of spread, and most importantly the dynamic response to the chemotherapy. [8] Financial support and sponsorship Nil.
